C
ARDIOVASCULAR DISEASE IS a leading cause of death worldwide, and hyperlipidemia is an important modifiable risk factor for its development. Although statins and other proven prescription lipid-lowering therapies have been available for decades, many patients seek alternative therapies to lower their cholesterol levels. Herbal and other natural ingredients that have been studied and remain controversial include policosanol, chromium, eggplant extract, garlic, and guggulipid. [1] [2] [3] [4] [5] [6] Chinese red yeast rice, also known as Hong Qu, is a medicinal agent and food colorant made by culturing a yeast, Monascus purpureus, on rice. This process, when performed under sterile and controlled conditions, produces a group of compounds called monacolins that inhibit hydroxymethylglutaryl-coenzyme A (HMGCoA) reductase, the rate-limiting step in hepatic cholesterol synthesis. One of the first commercially available HMG-CoA reductase inhibitor compounds was monacolin K (MK) (Figure 1) , initially isolated by Endo 7 from Aspergillus species in 1979, then later purified and marketed as lovastatin.
Red yeast rice is considered a food or dietary supplement but can be classified as a drug by the US Food and Drug Administration (FDA) when it is standardized to contain a specific amount of MK (lovastatin). The FDA has taken action against several companies in the past decade regarding the lovastatin content in their supplements and therapeutic claims made for their products. Nevertheless, red yeast rice remains widely available to the public as an over-the-counter dietary supplement. Several studies have shown that specific formulations of red yeast rice reduce low-density lipoprotein (LDL) cholesterol (LDL-C) significantly compared with placebo. [8] [9] [10] This is likely related to the effects of MK and the 13 other monacolins in the supplement, 11 which also work to lower the production of choles-terol in the liver. In some studies, the products were tested by an independent laboratory to quantify the amount of monacolins and to confirm the absence of contaminants. 10, 12, 13 Because of these positive studies and increased interest from the public and the media, red yeast rice has been recommended by health care practitioners, and patient usage has increased dramatically. In 2008, American consumers spent $20 million on this dietary supplement, an 80% increase compared with 2005. 14 However, to avoid being considered an unapproved drug by the FDA, red yeast rice manufacturers typically do not disclose levels of lovastatin or other monacolins in their products, and there is no standardization of these levels across manufacturers. Consequently, there may be considerable variation in the composition of monacolins in red yeast rice products from different manufacturers and discrepancies between label information and actual content. 15 Thus, it is unclear if the positive results of these studies can be generalized to all red yeast rice products.
We hypothesized that there is great variability in active constituents of commercially available red yeast rice products. We compared 12 commercial red yeast rice formulations and analyzed them for monacolin content and the presence of citrinin (CN) (Figure 2 ), a potentially nephrotoxic mycotoxin.
METHODS
Twelve commercial red yeast rice products were purchased and sent for analysis. They are listed, along with their manufacturers and the Web sites where they were purchased, in Table 1 . They are representative of commonly sold formulations available in the United States. Products were purchased online from retailers, catalogs, multilevel marketing companies, or directly from the manufacturer.
Two of the formulations were tested separately in 2006 and 2007 as materials used in clinical trials. 12, 13 The other 10 products were tested in March 2008 as part of the product review of red yeast rice supplements published as part of an online subscription service by ConsumerLab.com (White Plains, New York). 16 Products were tested for their amount of specific monacolins, disintegration, and potential contamination with CN and lead. Analyses for monacolins and CN were performed on representative composites from each product using highperformance liquid chromatography (HPLC) (Beckman Coulter Inc, Brea, California) with a photo diode array detector and separation with a 250ϫ4.6 mm-column Phenomenex Prodigy (Torrance, California) with confirmation of analytes by reversedphase HPLC with mass spectroscopy-mass spectroscopy detection (Applied Biosystems API 2000 LC-MS-MS; Life Technologies Corporation, Carlsbad, California).
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Analyses for lead were first performed on representative composites from each product using an inductively coupled plasma-mass spectroscopy method in an independent laboratory. If any product was found to have an unacceptable level of lead, it was retested using the same method in a second independent laboratory. Disintegration of nonchewable and non-time release formulations were analyzed according to United States Pharmacopeia (USP) recommendations. All analyses were conducted under the direction of ConsumerLab.com.
RESULTS
In reporting the results, we focused on the amount of total monacolins (TM), MK (lovastatin), and the hydroxy form of MK (MK A, hereinafter "MKA") in each formulation. The products are identified by letters herein and not by their proprietary names. Only 1 lot of each product was tested; therefore, no data were collected about the variability of monacolin levels within various product lots.
The levels of TM, MK, MKA, and CN in each product are summarized in Table 2 . There was marked variability of TM (0.31-11.15 mg/capsule), MK (0.10-10.09 mg/ capsule), and MKA (0.00-2.30 mg/capsule) in the 12 formulations tested. Product F had very low levels of monacolins per capsule (TM, 0.31 mg/capsule; MK, 0.10 mg/capsule; and MKA, 0.00 mg/capsule) but the highest levels of CN (189 µg/capsule). Four of the 12 products had elevated levels of CN. Table 3 summarizes the daily amounts of TM and CN that patients would ingest if they followed the daily serving recommendation on each respective bottle. The mean (SD) dose of lovastatin (MK) was 6.0 (4.6) mg/d with a maximum dose of 14.5 mg/d. The mean (SD) dose of lovastatin plus its hydroxy form (MKA) was 9.0 (7.2) mg/d with a maximum dose of 19.4 mg/d. Table 4 summarizes the amount of other monacolins (other than MK and MKA) that were present in each of the 12 products. Levels of the other monacolins were quite low, with none exceeding 1 mg/capsule.
None of the products exceeded the California Proposition 65 contamination limit for lead (0.5 µg/d). All standard (nonchewable and non-time release) tablets were found to disintegrate properly. 
COMMENT
Our study used an independent testing organization to quantify the monacolin content of 12 commercially available red yeast rice products. We found dramatic variation in active ingredients (monacolin levels), and one-third of the products contained the potential nephrotoxin CN.
Between 1990 and 2008, the prevalence of herbal and alternative medicine use among American adults increased from 2.5% 17 to over 50% (about 114 million people). 18, 19 Most Americans perceive naturally derived products as safe and as effective as regulated pharmaceuticals, 20 and about 60% of patients do not reveal the use of dietary supplements or alternative medications to their health care providers. 21 Alternative medicines and dietary supplements are widely available in health food stores, pharmacies, supermarkets, and on the Internet. In 2007, Americans spent approximately $14.8 billion on nonvitamin, nonmineral natural products. 22 Red yeast rice has been used as a food colorant and medicine in China for centuries and is an increasingly popular lipid-lowering alternative medication. An Englishlanguage MEDLINE search for "red yeast rice" yielded 107 articles from February 1999 to March 2010, with 39 of the articles published in the last 2 years. Despite the long history of red yeast rice use, the first randomized, controlled trial evaluating it was published by Heber et al 10 in 1999. Patients with hyperlipidemia who took 2.4 g/d of a particular formulation of red yeast rice (Cholestin; Pharmanex Inc, Simi, California) for 12 weeks achieved LDL-C lowering of −37.9 mg/dL (−22%) compared with −4.7 mg/dL (−1%) in patients taking placebo 23 followed up with an analysis of 9 red yeast rice products and found marked variability in monacolin content in these formulations and elevated CN levels in 7 products. 23 In May 1998, the FDA ruled that Cholestin was not a dietary supplement but an unapproved drug. The ruling was affirmed in March 2001, and Pharmanex removed red yeast rice from Cholestin. 24 Since that ruling, the FDA has written warning letters to several other dietary supplement manufacturers to remove drug claims or eliminate red yeast rice with high lovastatin levels from their products, including Heart and Cholesterol In the past 5 years, there has been increased research interest in red yeast rice as a potentially safe and effective lipid-lowering agent. 8, 9 A recent secondary prevention trial showed a decreased incidence of nonfatal myocardial infarction or death from cardiac causes in patients randomized to red yeast rice compared with placebo. 25 A substudy of that group showed significant decreases in coronary events and death from coronary artery disease in an elderly cohort with hypertension. 26 Our group has reported that red yeast rice, when combined with fish oil and lifestyle changes, is as effective as a moderate dose of simvastatin in lowering LDL-C levels. 13 We, along with others, have also found that red yeast rice may be an effective and safe lipid-lowering therapy in subjects with a history of statin-associated myalgias. 12, 27, 28 This study's most important limitation is the possibility of batch-to-batch variability of the products we tested. Our approach was to test samples from a single lot of each product, representing the same experience encountered by a consumer purchasing a red yeast rice supplement. Because of limited governmental oversight and variable quality control by manufacturers, monacolin content of different red yeast rice products may differ dramatically from bottle to bottle. Thus, the levels of monacolins and CN for the products we tested should be considered specific to the batches we tested. It is possible that current good manufacturing practices specific for dietary supplements, phased in from 2007 to 2010, may have reduced the chance of batch-to-batch variability. 29 However, this regulation would not be expected to reduce brand-to-brand variability because the law allows each manufacturer to set its own standards regarding ingredient composition. It is also possible that the ingredients of tested formulations may have changed since we analyzed them. At least 1 formulation has substituted a phytosterol ester complex and policosanol for red yeast rice and renamed the product since it was tested.
Unfortunately, there is no way of determining how many red yeast rice products are available to consumers in the United States. Our cursory review of formulations available on the Internet from sites like amazon.com, vitaminshoppe.com, drugstore.com, ebay.com, etc, yielded 31 different proprietary red yeast rice products. Our analysis was not a thorough product review but a snapshot of commonly available red yeast rice products. A more thorough and structured survey could be done in the future.
Another limitation is that our study quantified monacolin levels in the products tested but did not evaluate their lipid-lowering efficacy. While the efficacy of the red yeast products is thought to be solely from the monacolins, there also may be other minor synergistic cholesterol-lowering constituents such as phytosterols, isoflavones, and monounsaturated fatty acids that have yet to be fully elucidated. 9, 13, 30 Red yeast rice should never be taken concomitantly with prescription statins because the risk of toxic effects and drug interactions would likely increase with ingestion of 2 similar drugs that inhibit HMG-CoA reductase. Red yeast rice should be taken only under a physician's direction, and lipid levels, liver enzymes, and muscle symptoms should be evaluated regularly because red yeast rice has been reported to cause myopathy, [31] [32] [33] [34] [35] hepatotoxicity, 36 and rhabdomyolysis. 37 One-third of the products tested were contaminated with CN, a mycotoxin produced by several Monascus, Penicillium, and Aspergillus species found in poorly manufactured red yeast rice products. Citrinin has been shown to be mutagenic at concentrations of 0.2 to 1.7 µg/g in Salmonella hepatocyte assays 38 and can cause kidney failure in animals with a median lethal dose (LD 50 ) of 35 mg/ kg. 39 Although its effects on humans is unknown, it has been found to be genotoxic in cultured human lymphocytes at high concentrations. 40 Further research is necessary to elucidate the possible adverse effects of CN in humans to place our findings in the proper context.
Our results highlight an important issue with red yeast rice and many other alternative medicines: the lack of standardization of active constituents. Standardization of ingredients is difficult for several reasons: (1) There are variable growth and/or culture conditions and differences in harvesting and processing among manufacturers; (2) medicinal agents from natural sources are complex substances with many chemical constituents, many of which have unclear roles in their pharmacologic activity; and (3) different manufacturers may standardize products to amounts of 1 or 2 chemicals thought to be active ingredients, while other constituents are not standardized and may also have biologic and pharmacologic activity.
In summary, red yeast rice has been used for centuries for its medicinal properties and is an increasingly popular alternative lipid-lowering therapy that may benefit patients with a history of coronary disease who cannot take statins, 25 subjects who refuse statins or prefer a "natural" approach to pharmacotherapy, or patients with a history of statin-associated myalgias. 12, 27, 28 However, our study found dramatic variability of monacolin levels in commercial products and the presence of CN in onethird of formulations. Further oversight and standardization of the production and labeling of red yeast rice products may address some of the concerns raised in this study. Until these issues are addressed, physicians should be cautious in recommending red yeast rice to their patients for the treatment of hyperlipidemia and primary and secondary prevention of cardiovascular disease. 
